Objective: To characterize taste preferences in habitual high fat (HF) and low fat (LF) phenotypes. Design: Eighteen test solutions to taste for each subject group in a fully repeated 2Â6Â3 measures design. Setting: The Human Appetite Research Unit at Leeds University, Psychology Department. Subjects: Eight lean HF (mean percentage fat intake 43.4% daily energy) and eight lean LF (mean percentage fat intake 32.7% daily energy) were recruited from the staff=student population of Leeds University. Interventions: All subjects were required to taste 18 solutions based on six levels of fat content and three levels of sucrose content. Subjects rated each solution for fat content, sweetness and pleasantness. Results: HF and LF showed significant effect for the fat content of the solution on the perception of creaminess (P < 0.000), and sugar content on the perception of sweetness (P < 0.000). HF and LF did not differ in their taste preferences and no preferred level of fat or sweetness was detected in either group. Conclusions: In young adult males, habitual food selection is not related to taste preference.
Introduction
Of all the possible causes of a positive energy balance leading to weight gain, the excessive intake of fat has been investigated extensively and has been repeatedly implicated as a major risk factor for obesity (eg Golay & Bobbioni, 1997; Blundell & Macdairmid, 1997) . In reviews of crosssectional studies relating dietary fat intake and BMI a positive relationship between fat intake and BMI (or percentage body fat) is often found; however this relationship is quite weak with correlation coefficients ranging from 70.18 to þ 0.38 (Warwick & Schiffman, 1992; Lissner & Heitman, 1995; Hill & Prentice, 1995) . It is clear therefore that obesity is not a biological inevitability on a high-fat diet. Some individuals consuming a diet rich in dietary fat have normal or lean body mass index (BMI) and appear in some way to be protected from weight gain; such individuals, high fat consumers, are obviously of interest to nutritionists, physiologists and clinicians.
A programme of research was undertaken in our laboratory to characterize and investigate high fat consumers by comparing them to a control population of low fat consumers (individuals meeting the government recommendations for dietary fat intake). These groups appear to constitute distinct behavioural phenotypes: the high-fat phenotype (HF) and low-fat phenotype (LF) . By definition HF consume more fat than LF, but also report more energy intake and less percentage carbohydrate intake (Cooling & Blundell, 1998a) . These patterns of nutrient intakes are achieved by HF consuming significantly more dairy products, meat, fish and alcohol, but less cereals, bread, fruit and vegetables than LF (Blundell & Cooling, 1999) . In a test meal situation HF were more prone to passive overconsumption of fat and demonstrated large fluctuations in hunger in comparison to LF. In contrast LF were sensitive to the fat content in a test meal and did not overconsume (Cooling & Blundell, 1998a) . Taken together the eating behaviour of HF carries many risk factors for the development of a positive energy balance, but, at least in young adult males, weight gain does not occur. This protection to maintain energy balance is, at least partly, due to HF having a higher basal metabolic rate and higher fat oxidation rate (lower RQ, Cooling & Blundell, 1998b) , along with higher levels of fasting plasma leptin (Cooling et al, 1998) . What drives or inhibits the consumption of fat in HF and LF? Possibilities include behavioural and cognitive factors, or even physiological drives. This study investigates the role of taste perception and taste preference in relation to habitual diet; do taste preferences indicate habitual diet? It can be hypothesized that HF would have a higher taste preference for high-fat foods than LF.
There are multiple links between taste perceptions, taste preferences, food preferences, food choices and the amount of food consumed. Taste responses are influenced by a range of genetic, physiological and metabolic variables. The impact of taste factors on food intake further depends on age and gender, and is modulated by obesity, eating disorders and other pathologies of eating behaviour (Drewnowski, 1997); taste preferences and the food choice of populations are further modulated by psychological variables such as habit, attitudinal and social factors, and economic factors such as income.
Although the exact impact of the diet on the development of obesity is still unclear, both taste preferences and the composition of the diet are likely to play major roles. A number of procedures have been designed to examine preferences and perceptions of foods varying in nutrient composition and its impact on habitual diet (energy intake and macronutrient composition) and BMI. One such procedure involves the tasting of solutions (usually milkbased) varying in sweetness and fat content. The exact methodology of this technique is quite flexible but typically various dairy solutions ranging from skimmed milk through to double cream are sweetened with different levels of sucrose (usually 0 -15% sucrose) to provide a range of solutions of variable fat and sucrose content. Subjects taste the solutions, expectorate, then rate the solution for pleasantness (preference), fat content and sweetness (perception). For example Drewnowski and Greenwood (1983) found that the intensity estimates of fat and sweetness increased as power functions of ingredient concentration in 16 normal weight subjects; in contrast, hedonic preference ratings first rose then declined with increasing sucrose concentration, but continued to rise with increasing dairy fat content. Other methods of assessment include subjective assessments following the tasting and swallowing of small portions of solid foods made of variable fat and sweetness content (Mela & Sacchetti, 1991; Drewnowski et al, 1989) . A third method involves the subject listing their favourite foods and later assessing these foods for macronutrient content in order to indicate a macronutrient preference (eg Drewnowski et al, 1992) or by indicating a 'like -dislike' score (eg on a visual analogue scale (VAS)) of foods presented on a standard food list.
Studies employing such methodology have reported that compared with lean subjects, obese individuals showed enhanced preferences for higher fat levels in a sweetened milk-based test solution (Drewnowski et al, 1985) and listed more high fat foods than did lean subjects in lists of their favourite foods (Drewnowski et al, 1992) . A decreased preference for higher fat levels has been found among anorectic and bulimic females (Drewnowski, 1997) . In normal-weight subjects a positive correlation between overall fat preference of solid test foods and percentage body fat has been found (Mela & Sacchetti, 1991) . Therefore these procedures have the potential to detect differences in taste preferences and perception which could map on to patterns of food choice and consumption.
It can be hypothesized that individuals characterized by the consumption of different types of foods would display taste preferences linked to the attributes of these foods. Taste preferences do not easily map on to food choice, however, particularly in adults. Children's food preferences are often guided by taste alone (Drewnowski, 1997) ; in contrast the food choices of adults also tend to be influenced by habit and culture, nutritional beliefs, attitudes towards weight and dieting, and economic (ie income) factors. It is not surprising, therefore that conflicting evidence exists between food preference and food choice. Mela and Sacchetti (1991) found no consistent relationships among sensory preferences for a range of solid and liquid foods varying in fat content and habitual diet (measured using a 10 day food diary), whereas Mattes (1993) found that subjects consuming a reduced fat diet for 12 weeks showed a decline in their taste preference for high-fat foods and the preferred fat content of selected foods declined. The ability to detect and enjoy high-fat foods could therefore be an important factor in an individual's capacity for passive overconsumption of fat, which is high in HF. However, it should be kept in mind that, whilst a preference for fatty foods may lead to a high consumption, it is also possible that a high habitual consumption generates an increased preference.
Methods

Subjects
Eight male habitual, high-fat phenotypes (HF) and 8 male habitual, low-fat phenotypes (LF) were recruited from the staff -student population of Leeds University. HF and LF were defined as gaining > 43% or < 34% of energy from fat respectively on the basis of a food frequency questionnaire (Margetts et al, 1989) coupled with the requirement that all HF consumed more fat in terms of weight than any LF. Therefore, a duel criterion was imposed with HF required to show a high absolute intake of fat (g) and a high energy percentage. All volunteers were in the age range 18 -25 and had a body mass index (BMI) < 25 kg=m
72
. Each subject was required to read and sign a participant information= ethics form as required by the university ethics committee, following ethical approval of this study.
Design
The purpose of this study was to assess the subjective response of the HF and LF to rate the pleasantness and the perception of 18 solutions varying in fat content and sweetness. The study design was a 6Â3Â2 design with fully repeated measures on two factors (fat (six levels), sweetness (three levels)). Both HF and LF subjectively rated all 18 solutions.
Procedure
On the test day each subject was asked to attend the Human Appetite Research Unit (HARU), Leeds University. The subject was instructed not to eat in the 3 h prior to attending the HARU; all tests were performed within the hours 12:00 midday to 14:00. On arrival at the HARU the subject was first instructed in the experimental procedure: the standard sip-and-spit technique (Drewnowski & Greenwood, 1983 Following the tasting of a test solution the subject was instructed to complete a questionnaire that asked for a rating of preference ('how pleasant was the solution?'), and perception ('how creamy was the solution?' and 'how sweet was the solution?'). The questions consisted of 100 mm VAS, which have been used previously in many studies and are known to be sensitive and valid subjective markers of the motivation to eat in both nutritional and pharmacological studies de Graaf, 1993) . This procedure was repeated until all 18 test solutions had been tasted and rated.
Test solutions
Test solutions were 18 sweetened dairy solutions, comprising six different levels of fat, and three different levels of sugar. The base solutions consisted of skimmed milk, semiskimmed milk, whole milk, 50% whole milk -50% single cream, single cream and double cream (see Table 1 ).
Each solution was mixed with sucrose to produce solutions of 5, 10 and 15% sucrose (as calculated as weight sucrose=volume solution) at each level of fat. Test solutions carried no indication of the fat and sugar content, and were identified only by a letter of the alphabet. Solutions were presented in a random order. Test solutions were chilled to 5 C, and presented in 10 ml plastic cups.
Data analysis
The pleasantness, creaminess and sweetness of the test solutions were analysed using repeated measures analysis of variance (ANOVA). Fat content and sweetness of the test solution were included as within-subject factors and high-and low-fat groups as a between-subject factor. In all analyses significant differences between two factors were investigated using independent (between subjects) and paired (within-subjects) t-tests.
Results
Dietary patterns
Details of the 16 recruited subjects, eight high fat and eight low fat consumers, can be seen in Table 2 . The macronutrient and energy intake variables were derived from analysis of the FFQ. Significant differences were found between the groups on fat intake, percentage fat intake, percentage CHO intake and energy intake, the high and low fat consumers met the criteria for inclusion within the groups.
Fat perception ANOVA indicated that there was a significant effect of the fat content of the solution on the perception of creaminess (F(1,70) ¼ 68.99, P < 0.000); however there was no main effect for the HF-LF condition. Figure 1 shows that both high and low fat consumers correctly perceived each level of fat (mean of three levels of sweetness).
Sweetness perception ANOVA indicated that there was a significant effect of the sugar content of the solution on the perception of sweetness (F(2, 28) ¼ 50.02, P < 0.000); however there was no main effect for HF-LF. Figure 2 shows that both high and low fat consumers correctly perceived each level of sweetness (mean of six levels of fat).
Hedonic rating
There were no main differences in the subjective ratings of pleasantness between high fat and low fat consumers. ANOVAs indicated no main effects for subject group, the amount of fat in solution or sweetness for pleasantness (% kcal) 15.0AE 0.6 14.9AE 0.5 *P < 0.05; **P < 0.001; ***P < 0.0001.
High-and low-fat phenotypes J Cooling and JE Blundell ratings. Figures 3 and 4 demonstrate the pleasantness of the solutions at each level of fat (mean of three levels of sweetness) and at each level of sweetness (mean of six levels of fat content), respectively, in high and low fat consumers.
Discussion
The results from this study indicate that there is no difference between HF and LF in their preference for or perception of solutions varying in fat content and sweetness. The absence of an effect is not due to insensitive procedures since subjects were able to discriminate levels of creaminess and sweetness; in other words the solutions were not perceived as being identical. Both high and low fat subjects were equally able to rank order the test solutions in terms of the fat content (perceived creaminess) and of sugar content (perceived as sweetness), but neither factor modulated the subjective ratings of pleasantness and no optimally preferred level of fat, for either group, could High-and low-fat phenotypes J Cooling and JE Blundell be detected. This study raises the question of why high and low fat consumers chose to eat a particular diet high or low in fatty foods if they do not differ in their taste preferences for fat. Taste is often cited as the primary reason for food choice, yet in this study low fat consumers failed to find the taste of fat solutions less pleasant than high fat consumers. This finding could indicate that factors other than taste, such as social desirability and perceived healthiness of the foods, are important determinants of food choice. For some people a conscious decision is made not to consume a food even though it is pleasant to taste. Interestingly, a similar pattern of food perception among high and low fat consumers has been observed previously. In a study of middle-aged women by Green et al (1993) , subjects consuming less than 25% of daily calories as fat (as part of a separate study to examine whether a low-fat diet would reduce the risk of breast cancer) and control subjects tasted a range of sweetened dairy solutions. Intervention and control subjects were similar in their sensory evaluation of fat and sweetness: as the fat or sugar concentration rose, so did the intensity of the fat and sweetness ratings. Similarly, both groups tended to assign the highest pleasantness ratings to whole milk and there was a significant effect of the fat content in pleasantness ratings. However, pleasantness ratings do not differ between intervention and control groups.
These findings do not support the hypotheses that (a) high fat consumers would find the high fat solutions more pleasant than low fat consumers, and that (b) low fat consumers would be more sensitive to (better able to perceive) fat than high fat consumers. In previous studies of HF and LF subjects rated differently the fat content and pleasantness of familiar, commercially available foods either following the actual consumption a high fat or high carbohydrate meal containing familiar foods (Cooling & Blundell, 1998a) or from viewing a list of high or low fat familiar foods (Macdiarmid et al, 1995) . A contrast with the present study is that the test solutions used here were unfamiliar to the subjects and were presented to them in an unfamiliar environment. However this demonstrates that taste perception and preference per se do not appear to be strong determinants of food selection or consumption. The ability of low fat consumers to discriminate between highand low-fat foods in terms of fat content and pleasantness following consumption may have been due to the familiarity of the test foods used and therefore to the impact of learnt experiences and other cognitive factors such as health concerns or social desirability. In an extension of the study by Green et al (1993) the same groups of intervention and control subjects assessed the pleasantness, perceived fat content and perceived healthiness content of eight familiar snack foods, four low-fat and four high-fat, consumed ad libitum. Both groups consumed similar amounts of snacks and rated the foods for fat content and perceived healthiness in a similar pattern. However, the intervention group rated the high fat snacks as being significantly less pleasant then the control group (even though they ate similar amounts of the foods). The conflict between hedonic preference and actual consumption indicates that determinants of food selection (for consumption) are more important than sensory preference. The results of this study have confirmed that taste sensation is not the major determinant of food selection for habitual consumption and that other factors such as habit and social desirability are equal or more important.
